Since in designing the full adder circuits, full adders have been generally taken into account, so as in this paper it has been attempted to represent a full adder cell with a significant efficiency of power, speed and leakage current levels. For this objective, a comparison between five full adder circuits has been provided. Applying floating gate technology and refresh circuits in the full adder cell lead to the reduction of leakage current on the gate node. The simulations were accomplished in this paper, through HSPICE software and 65 nm CMOS technology. The simulation results indicate the considerable efficiency of power consumption, speed and leakage current in the full adder cell rather than other cells.
Introduction
Due to the point that the addition of binary numbers is the fundamental and most often used operation, and also the full adder circuit is very important in any design, so that within the high efficiency of full adder circuit, the efficiency of system increases as well. Today, Advancement of Technology has led to emergence of more wireless and portable devices. For this, Low Power Circuits are needed more. To reduce the power dissipation in a CMOS circuit, the characteristics of power and the effects of circuit have to be specified.
The most important factor in the design technology of low power and the approximation of power is dynamic power dissipation. As said, transistor size optimization is one method to reduce the power dissipation of Circuits in which the reduction of the transistor size leads to the reduction of power, by which finally the leakage current would be increased [1] . Also, we describe a new method for glitch power reduction based on threshold voltage adjustment, by which based on the following equation within the threshold voltage reduction, the leakage current will continue to increase exponentially with each generation, we could refer to (2) to verify this matter [2] . 
where V t , V gs and V th are respectively the thermal voltage, gate-source voltage and threshold voltage. Therefore, today beside power reduction, the reduction of leakage current has concerned the electronic circuits' designers.
In present paper, it has been attempted to introduce the full adder circuit with high efficiency within the low power dissipation, high speed and low leakage current.
Floating Gate and Quasi Floating Gate MOS Transistors (FGMOS Transistors)
To reduce the dissipation power, the source voltage closed to the threshold voltage in NMOS and PMOS transistors has to be decreased. Through this, we could apply several inputs in a transistor gate, while in CMOS method only one input for each transistor is needed. The other reason to use FGMOS transistors is that in subthreshold region, CMOS transistors are not involved high speed, so that, FGMOS transistors would be a better choice [3] . As shown in Figure 1 , FGMOS transistor is a multiple input MOS transistor with isolated gate. Through a capacitor, inputs are connected to transistor gate .These capacitors are called floating gate capacitors [4] . DC voltage on the floating gate is relevant with the capacitor ratio from the floating gate. FGMOS transistor could be considered as MOS transistor with a varied threshold voltage [5] . Due to the change in floating gate capacitor's capacitances, the change in threshold voltage occurs .For this, FGMOS transistors in comparison with CMOS transistors would be a better choice. NMOS and PMOS transistors with floating gate have been shown in Figure 1 .
It has to be taken into account that the refresh circuits involve high resistance by which the charges in the floating gate decrease [6] . The combination of the refresh circuit with floating gate transistor is called Quasi floating gate circuit (QFGMOS). In most FGMOS designs with high leakage on the floating gate, the method "Quasi floating gate" is recommended to be used. In present paper, the full adder circuit has been designed with "Quasi floating gate" method.
In the method "Ramirez-Angulo" and "Yin", we use the resistor on the gate which this leads to the increase of dissipation power [7, 8] . In most papers, instead of resistor, we use transistor. It could be said that the resistors could be replaced with the transistors "M3 and M4" in the Figures 2, 3 and 4 [9] [10] [11] . The extra circuits on the gate are called the refresh circuits. Adding the refresh circuits on the gate node of floating gate transistor put the most effect on power, delay and occupied space, but the rapid advancement of technology and the reduction of gate oxide thickness bring about the problems in the gate leakage by which using the circuits would be unavoidable.
In Figure 5 , the proposed refresh circuit on the floating gate has been indicated. Due to the point that refresh circuit involves more output resistor than three other refresh circuits, so that more leakage current would be reduced. In this case, more transistors in the circuit rather than three other circuits would be observed. Hence, more space would be occupied by which the reduction of power and delay realizes as well.
In Table 1 , the values of power, delay and PDP for circuits in Figures 2-5 have been shown. To compare better, a same circuit using the floating gate transistor within the parallel resistors combining with gate capacitor (Yin method) has been shown in Table 1 . The simulations have been accomplished in the 65-Nanometer technology via the HSPICE software. The supply voltage and the environment temperature have been considered 0.3 V and 25℃, respectively. As observes, the floating gate transistor within the parallel resistors combining with gate capacitor involves the maximum power dissipation comparing to other circuits. Also we have to mention that due to several reasons such as not using the refresh circuits, advancement of technology, reducing the gate oxide thickness and increase of gate leakage current, designing the floating gate circuit would not be possible, by which to reduce the gate leakage current, several refresh circuits are needed on the floating gate node. Due to the point that only the PMOS transistor has been used in the circuit shown in Figure 4 , thus in this case more delay would be observed comparing to other circuits. In the circuits of Quasi floating gate inverter, the present circuit in this paper reduces the value of PDP comparing to other circuits. In this table, According to the obtained results about the simulations in the proposed refresh circuits, the proposed circuit in this paper involves the most efficiency of power, speed and leakage current. In Figure 7 , the layout of this circuit has been depicted via Micro-Wind software. Based on the measurements reported about this circuit, the value of power and delay has been obtained 3.823×10 -10 (Watt) and 1.3417×10 -10 (sec) in which these values are similar to the obtained results about the simulation. The value of PDP is equal to 5.1820×10-20 (J).
Designing the Full Adder Circuit Using the MAJORITYNOT Gate
The parameters of full adder cell have been represented in Table 2 . As observes; the carry output is the output of MAJORITYNOT inverter. So that with a MAJORITYNOT circuit and an inverter, we could implement this output. As a matter of fact, in logic mode, MAJORITYNOT function would be as shown in Figure 8 . Logic circuit of full adder cell using MAJORITYNOT has been represented in Figure 9 .
The structure of MAJORITYNOTNOT gate with floating gate transistors has been represented in Figure  10 [8] .
Now, if instead of logic mode of MAJORITYNOTNOT gate within three inputs, we use circuit mode, thereafter we would have Figure 11 . But as mentioned previously, designing the ideal floating gate is not possible by which the refresh circuits are recommended to be used on floating gate. The values for delay, power and power-delay product (PDP) have been measured for full adder circuit and represented in Table 3 . The frequency of circuits was 1MHz .In first mode for each floating gate capacitor, 1 Mega ohm resistance is connected in parallel with the capacitor.
In second mode for floating gate transistors, we use Quasi floating gate transistors presented in Figure 2 , and in third, fourth and fifth modes, we use Quasi floating gate transistors presented in Figures 3-5 .
Due to the problems observed in designing the circuits, the refresh circuits are better to be used on floating gate. However, using these circuits needs more space, whereas the reduction of leakage current would be observed as well at which the advancement of technology and the reduction of gate oxide thickness bring about the problems in the gate leakage. As observed all the refresh circuits, the circuit represented in this paper involves the optimized efficiency of power, speed and gate leakage current. Figure 12 shows this full adder circuit. In Table 4 which it has been concluded that the obtained results were in consistent with the results of simulation. Due to the effect of parasitic capacitors in Post layout mode, the difference between the obtained results in this circuit and the ones in simulation are reported. 
Full Adder Cells
There are various structures of full adder cell in various kinds of logics like CMOS, transition gate and passtransistor logic circuits which are presented in papers and books [12, 13] . In this relation, only the circuits with high efficiency were used for comparison and observation.
The conventional Full Adder with 28 Transistors in CMOS Technology (CCMOS)
The advantage for CMOS logic is the sustainability against sizing the transistor and changing the voltage in which noise increases and this leads to the reliable performance of circuit with low voltages and optimized size of transistor [13, 14] . (Figure 15) 
Pass-Transistor Full Adder (CPL)
The other conventional full adder with 32 transistors has been shown in Figure 16 . This full adder produces many internal nodes within inverter in order to obtain the output. The main difference between pass-transistor logic and CMOS transistor is in a point that source of transistors in pass-transistor logic, instead of being connected to voltage supply is connected to the inputs [15] . 
The Low Power Full Adder Circuit with 14
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Transistors
The low power full adder with 14 Transistors has been indicated in Figure 17 , based on low power XOR circuit and transition gate, this circuit has been designed [16] . Static power dissipation is the main problem in this circuit [17] .
Full Adder Circuit with 16 Transistors
The other circuit with 16 Transistors has been implemented which it has been shown in Figure 18 . [17] .
Simulation Results
The simulations for full adder circuits have been accomplished in the 65-Nanometer technology via the HSPICE software. Four circuits for simulations have been selected. The main specialty in these circuits was the high efficiency in low voltage supply. Simulations were accomplished in a same condition for all the circuits. The size of transistors was considered as low as possible. The frequency and the environment temperature were considered 1MHz and 25℃. Delay from the moment which input voltage gets to 50% of final value was computed. This value has been measured for all of the decline and as-cent passes by which the maximum values were consid-ered as the delay of circuit. In comparison with other circuits, this circuit compared to CCMOS, CPL and 14T involves less power dissipation as 93%, 30% and 93%, respectively. The values of supply voltage (1 volt ) has increased up to 3% for TFA, and has decreased up to 83%, 95% and 94% for CCMOS, CPL and 14T. Simulation results have been represented in Tables 5-7 , respectively. As observes, the ratio of efficiency advancement in circuits is more obvious in low supply voltages by which within increase of supply voltage, power dissipation and the multiplication of power by delay increase in these circuits.
Conclusions
In comparison with other full adder cells involving high efficiency, the circuit represented in present paper involves the most optimized efficiency. As a matter of fact, within the increase of voltage supply, the speed in the circuits increases so that, dissipation power increases as well which this leads to the decrease of efficiency in this circuit. As a consequence, Quasi floating gate circuits are a better choice for being used in supply voltages in which the circuit involves threshold voltage, also these circuits on the basis of power dissipation are recommended to be used in this situation. Modern methods are recommenced to design Quasi floating gate circuits by which we could take advantages of floating gate technology while the disadvantages would be decreased.
